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EP 0 646 116 B1
Description

Background of the Invention

[0001] The present invention is directed to an improved process for intermediates useful for the synthesis of the
anxiolytic agents represented by structures | and Il below as well as intermediate compounds. Commonly owned Eu-
ropean patent application 380,217, filed January 12, 1990 and United States patent applications Serial No.'s 661,791,
filed February 27, 1991 (PCT/US91/08378, filed November 18, 1991); 661,726, filed February 27, 1991; and 661,730,
filed February 27, 1991 (PCT/US91/08400, filed November 19, 1991) described the synthesis of Compound | and
related intermediates in Scheme A shown below.
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HaNCCHR) 5 %,

——— —ttr—
N
(B \
resolved with N—o
mandelic acid, ca. 207
yield
0

N\//”////

(1> k/ No

1.57 from
pyridine diester

o

[0002] Commonly owned U.S. Patent Application Serial No. 765,332, filed September 25, 1991 claims an alpha-
hydroxy derivative of Compound | with the structure shown below as Compound II.

HO 0

N\///// y

I

[0003] U.S. 4,956,368 teaches thatcompounds hydroxylated at C-6 of the azaspirodecanedione portion of amolecule
may rearrange to produce an oxaspirononanone of the type;
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[0004] The text of commonly owned United States Patent Application Serial Nos. 661,791; 661,726; 661,730; and
765,332 is herein incorporated by reference.

Summary of the Invention

[0005] The present invention is directed toward an improved process for the synthesis of anxiolytic agents of Com-
pounds | and Il above and intermediate compounds used in this synthesis.

[0006] The new synthesis provides Compound | in an overall yield of approximately 8% based on pyridine diester,
representing an approximate 5 fold improvement over previous syntheses.

[0007] In one aspect this invention is directed toward substantially optically pure intermediate compounds of the
formula:

L

wherein the substituent B is either cis or trans to the Cqy,-C; bond and is selected from the group consisting of
-CH,0OH, -CHO, -CH,OS0,R, -CH,CN, -CH(OH)CH,NO, and -CH=CH-NO,; C is selected from the group consisting

of -H,
~ 2 N\Y ’

and a nitrogen protecting group which is removable by hydrogenation or acid treatment; and wherein Ris (C;-Cg) alkyl,
phenyl or alkyl substituted phenyl; X is N or CH; Y is O or S; and Z is H or Cl; and with the proviso that when B is cis
to the Cgy,-C4 bond, B must be -CH,OH or -CHO, and C must be a group other than -H; and acid salts thereof.
[0008] The preferred value of C is

~
~

wherein Y is O and Z is H. The preferred value of R is methyl; and the preferred amine protecting group is tert-butox-
ycarbonyl.

[0009] Inanother aspect, this invention is directed toward a process for preparing a substantially optically pure com-
pound of the formula
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0 C H I/, //I//

having (7R,9aS-Trans) configuration wherein C is selected from the group consisting of

-~
T J :

A~ s Ny

and a nitrogen protecting group which is removable by hydrogenation or acid treatment; wherein Xis N or CH; Y is O
or S and Z is H or Cl; comprising:

(a) reacting an activated form of C with a racemic compound of the formula

HOCH,

|\/NH

in a reaction inert solvent with an acid acceptor to form a racemic product which has formula

HOCH,

\\/N H
S

(b) reacting the racemic product of step (a) with a slight molar excess of D-(-)-tartaric acid in a reaction inert solvent
forming two diasteromeric salts;

(c) separating the diasteromeric salts of step (b) and treating the salt having (7S,9aS-Cis) configuration with base
to obtain a compound which has the formula
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HOCH,

having (7S, 9aS-Cis) configuration;
(d) reacting the product of step (c) with sulfur trioxide-pyridine complex and dimethylsulfoxide in a reaction inert

solvent to form a product of the formula
OCHm

N

/

C

having (7S,9aS-Cis) configuration.
(e) Isomerizing the product of step (d) with a sodium carbonate in a reaction inert solvent to produce a compound

of the formula
oc H///////q

[0010] In a third aspect, this invention is directed toward a process for preparing a substantially optically pure com-

pound of the formula
HaNCHeCHa’I/,,,/q

N\
C

~C

having (7R,9aS-Trans) configuration.

having (7S, 9aS-Trans) configuration wherein C is selected from the group consisting of H,
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and a nitrogen protecting group which is removable by treatment with a strong acid; wherein X is N or CH; Y is O or
S; and Z is H or Cl; comprising:

(a) reacting a compound of the formula

OCH

L,

having (7S, 9aS-Cis) configuration wherein C is selected from the group consisting of

Y | wz
NS ’ N\Y

and a nitrogen protecting group removable by treatment with strong acid; wherein XisNorCH; YisOor S
and Z is H or Cl; with sodium carbonate in a reaction inert solvent thereby converting said compound to the
(7R, 9aS-Trans) configuration; and without isolation adding excess nitromethane and stirring until the reaction is
complete to obtain a compound having the formula

OH
NO
i/illlllll
P

having (7R, 9aS-Trans) configuration;
(b) reacting the product of step (a) with an acid anhydride and a weak organic base in a reaction inert solvent to
produce a compound having the formula

0N

\4///"//

N
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with a (7S, 9aS-Trans) configuration;
(¢) Reducing the compound of step (b) with hydrogen and a catalyst in a reaction inert solvent, or by complex
hydride reduction (LiAlH,) to produce a compound having the formula

HLN
\/4///, 2

P

with a (7S, 9aS-Trans) configuration; wherein C is selected from the group consisting of

\r/
| J z

X , Ny

and a nitrogen protecting group which is removable by treatment with a strong acid, wherein X is NH or CH; Y is
OorS;andZis Hor Cl;

(d) reacting the product of step (¢) wherein C is an amine protecting group which is removable with strong acid,
with strong acid in a reaction inert solvent and neutralizing with base producing a product having the formula

H NK/"""

LA,

with a (7S,9aS-Trans) configuration.

[0011] In afourth aspect, this invention is directed toward a process for preparing a substantially optically pure com-

pound of the formula
HaNCH,C HZ//,,/E,:%

N
~
c

having (7S,9aS-Trans) configuration where in C is selected from the group consisting of H,
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and a nitrogen protecting group which is removable by treatment with a strong acid; wherein X is N or CH; Y is O or

S; and Z is H or Cl; comprising:

(a) reacting a compound of the formula

OCH 1/,,///[

having (7R, 9aS-Trans) configuration wherein C is selected from the group consisting of

T 5@2
X\ ’ N\Y

and a nitrogen protecting group removable by treatment with strong acid; wherein XisNorCH; YisOor S
and Z is H or Cl; with a reducing agent to produce a compound of the formula

HOCH,

having (7R, 9aS-Trans) configuration;

(b) reacting the product of step (a) with methane sulfonyl chloride in a reaction inert solvent and in the presence

of a base to form a compound of the formula

’I//,,,,

10

NOEN

c
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neSOBDCHaI////I/,

NN

having (7R,9aS-Trans) configuration;
(c) reacting the product of step (b) with an alkali metal cyanide in a reaction inert solvent to form a compound of
the formula

NCCH,

///////,q
having (7S,9aS-Trans) configuration;

(d) reducing the product of step (c) to form a compound of the formula

4

S C

H,N
\/4///// 2

(e

with a (7S,9aS-Trans) configuration; wherein C is selected from the group consisting of

and a nitrogen protecting group which is removable by treatment with a strong acid, wherein X is NH or CH; Y is
OorS;andZis Hor Cl;

(e) reacting the product of step (d) wherein C is an amine protecting group which is removable with strong acid,
with strong acid in a reaction inert solvent and neutralizing with base to produce a compound having the formula

11
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with a (7S,9aS-Trans) configuration.

Detailed Description of the Invention

[0012] As usedhereinafter, the expression "reaction inert solvent” refers to a solvent system in which the components
do not interact with starting materials, reagents, intermediates or products in a manner which adversely affects the
yield of the desired product.

[0013] The expression "nitrogen protecting group" as used hereinafter means a moiety which when coupled with a
basic nitrogen will remain inert while other reactions are carried out. The nitrogen protecting group may then be removed
under mild conditions yielding the free amino group. This invention contemplates two types of nitrogen protecting
groups: those which may be removed by hydrogenation and those which may be removed by treatment with strong acid.
[0014] Examples of nitrogen protecting groups removed by strong acid are tert-butoxycarbonyl, meth- or ethoxycar-
bonyl, trimethylsilylethoxycarbonyl, 1-adamantoxycarbonyl, vinyloxycarbonyl, diphenyl methoxycarbonyl, trityl, acetyl
and benzoyl. The group preferred is tert-butoxycarbonyl.

[0015] Examples of nitrogen protecting groups removed by hydrogen are benzyloxycarbonyl, 9-fluorenylmethyl ox-
ycarbonyl, 2-phenylethyl oxycarbonyl, N-benzyl, p-methoxybenzyloxycarbonyl and p-nitrobenzyloxycarbonyl. The pre-
ferred group is benzyloxycarbonyl. As used hereinafter, the term "activated form of C" means a chemical derivative of

\(/l /1 z

RN y N\Y

or a nitrogen protecting group which is capable of reacting with an NH group under relatively mild conditions. Examples
of such activated forms include halo derivatives of the nitrogen heterocycles with chloro derivatives being preferred.
The activated nitrogen protecting group may be in the form of the acid chloride or anhydride. When the nitrogen pro-
tecting group is tert-butoxycarbonyl the preferred activated form is di-tert-butyl dicarbonate.

[0016] The present invention is readily carried out using commercially available raw materials. Schemes 1 and 2
illustrate the present invention employing 1,2-benzisoxazolyl-3 as group C (defined herein above).

[0017] Prior to the present invention, Compound | and related anxiolytic agents were known but were obtainable
only in low yields (See Scheme A) of about 1.5% from piperidine 2,5-dicarboxylate methyl ester. Especially difficult
reaction steps were the conversion of the cis-piperidine-2,5-dicarboxylate ester to the corresponding trans ester (Com-
pound A, Scheme A) which was achieved in only 30-40% yield, and the optical resolution step to produce Compound
B (Scheme A) which yielded only 20% of the desired product.

[0018] | have found that the overall yield of the desired product may be improved about 5 fold (8% yield from pyridine
diester) by resolving the racemic hydroxymethyl intermediate (Compound IX, Scheme 1) to produce a 45% yield of the
7S, 9aS-Cis-7-hydroxmethyl compound (Compound X, Scheme 1). Conversion of Compound X proceeds to the desired
7R, 9aS-trans-7-hydroxy-methyl compound in 90% yield (See Compound XlI, Scheme 1).

12
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Scheme 1
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Scheme 2
OH
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\ \
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Compound | and Compound Il

[0019] Compounds IV - VIl of Scheme 1 are known. The dialkyl cis-piperdine-2,5-dicarboylate ester (V) is obtained
by conventional catalytic hydrogenation methods from the corresponding dialkylpyridine-2,5-dicarboxylate. Prepara-
tions 1-3 describe the route used to prepare cis-7-hydroxymethyl-2,3,4,6,7,8,9,9a-octahydro-1H-pyrazine (Compound
VIII). This compound was described by Bright, WO 90/08144.

[0020] The next step involves the preparation of intermediate cis-racemic compound of the general structure

HOCH, a7

NN

wherein C is as defined above.

[0021] This is accomplished by reacting Compound VIl with an activated form of C in a reaction inert solvent. If the
activated form of C is a halo nitrogen heterocycle or an acid chloride, it is desirable to conduct the reaction at a mod-
erately elevated temperature of about 50-150°C in the presence of an acid acceptor. A solvent such as pyridine may

16
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serve as the acid acceptor. If C is a nitrogen protecting group such as tert-butoxycarbonyl the activated form may be
an anhydride. In this case the reaction may be conducted in a reaction inert solvent at room temperature.

[0022] Isolation and purification of the reaction product is accomplished by standard procedures which are obvious
to a chemist of ordinary skill. One of ordinary skill in this art will also recognize that when C is an amine protecting
group, it may be removed by any appropriate means such as acid treatment or reduction at any stage in the present
process this converting C to H. This permits subsequent introduction of a heterocyclic C at the most convenient stage
of synthesis.

[0023] The next step inthe present process is preparation of the substantially optically pure compound of the structure
with (7S, 9aS-Cis) configuration.

HOCH,

Wherein C is as above except that C may not be H.

[0024] Separation of optical isomers is accomplished by dissolving or suspending the racemic structure in a reaction
inert solvent; methanol is preferred. A small molar excess of an optically active organic acid is added, D-(-) tartaric
acid is preferred, and the mixture refluxed for 2-6 hours, cooled and the salt collected and purified. The free base may
be obtained by standard methods such as by treatment with dilute sodium hydroxide in a two phase solvent system.
This procedure is discussed in detail in Reference Example 2 where C is 1,2-benzisoxazoyl-3yl and Reference Example
4 where C is tert-butoxycarbonyl.

[0025] The next step in the present process is illustrated below:

HOCH, OCH

—

I
o

(75,9a5-Ci1s) (75,9a5-Ci1s)

wherein C is as defined above except that C may not be H.

[0026] The conversion of hydroxymethyl to aldehyde is accomplished by oxidation with any suitable oxidizing agent.
The preferred agent is sulfur trioxide pyridine complex and dimethylsultoxide. It is preferred to conduct this reaction in
a reaction inert solvent at a temperature of 0°C to room temperature. Examples | and 8 illustrate this reaction.
[0027] The next step in the present process is as follows:

17
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OCH OCH. HOCH, .
k/NQC |\/N~c K/NQC
(75,9a5-Ci1s) (7R,9aS-Trans) (7R,9aS-Trans)

This reaction is conducted by isomerizing the cis-aldehyde to the trans-aldehyde with a base in a reaction inert solvent.
Sodium carbonate in methanol is preferred. The reaction is run at room temperature for 12-24 hours or until conversion
to the trans-aldehyde is complete. The product may be isolated at this point but is more conveniently converted to the
trans-hydroxymethyl compound by reduction of the aldehyde. The preferred reducing agent is sodium borohydride at
approximately 0°-20°C. The product is isolated by standard means. This procedure is illustrated in Examples 2,3 and 9.
[0028] The 7R, 9aS-trans-hydroxymethyl compound is converted by conventional chemical reactions to the corre-
sponding 7S, 9aS-trans-2 ethylamino intermediate which in turn is converted to anxiolytic compounds of the type

N\/I,I’/I/ N H\/ ///////

and 0

wherein C is

and XisNorCH; YisOorSandZis HorCl. These reactions are illustrated in Examples 4, 5 and 12 and Preparation 4.
[0029] I|nan alternative synthesis the 7S, 9aS-cis aldehyde is converted to the 7S, 9aS-trans-2-aminoethyl derivative
by the following sequences of reactions

45

50

55
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OH

ocH "0 \/i//////
Z

-
(

~c

wherein C is selected from this group consisting of H

and a nitrogen protecting group which is removable by treatment with a strong acid; wherein X is N or CH; Y is O or
S;and Zis Hor Cl.

[0030] The first step in this sequence involves isomerization of the aldehyde. Sodium carbonate in a polar solvent
such as methanol is preferred. The reaction is conducted at room temperature followed without isolation by addition
of nitromethane to produce the trans-nitro alcohol.

[0031] The trans-nitroalcohol is dehydrated by treatment with an acid anhydride and weak organic base in a reaction
inert solvent at room temperature. Acetic anhydride, dimethylaminopyridine and tetrahydrofuran are preferred.
[0032] The trans-nitro olefin is reduced by catalytic or metal hydride reduction in a reaction inert solvent to yield the
7S, 9aS-trans-2-aminoethyl derivative. Reduction by lithium aluminum hydride in tetrahydrofuran is the preferred pro-
cedure. This sequence of reactions is illustrated in Examples 6, 7, 10, 11 and 12B.

[0033] Intermediate compounds useful for preparing other intermediate compounds and anxiolytic agents of the type

NH \/I/// y

0
"l
~C
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are prepared by halogenation of 3,3-tetramethyl glutaric anhydride at approximately 80-120°C neat or in a reaction
inert solvent. Bromination without solvent is preferred. Hydrolysis of the halogen group in aqueous base at 100° followed
by acidification yields 3-oxo-2-oxaspiro [4,4]-nonane-1-carboxylic acid.

[0034] The racemic acid is resolved by fractional crystallization of an optically active organic salt of the acid from a
reaction inert solvent. d-(+)-Ephedrine and I-(-)-ephedrine are the preferred optically active organic bases and ethyl
acetate is the preferred solvent.

[0035] The optically active acids are converted to the amides by reacting an activated form of the acid, preferably
the acid chloride or the acid and a dehydrating agent with the trans-2 aminoethyl intermediate. The preferred method
is to dehydrate a mixture of acid and amine in methylene chloride with n-propanephosphoric acid cyclic anhydride.
[0036] All clinically effective antipsychotic agents block dopamine binding to D-2 receptors, and demonstrate func-
tional antagonism of dopamine-mediated behaviors in animals. Although the standard antipsychotics interact with a
wide variety of neurotransmitter receptors, their potency in blocking D-2 binding is the only activity which shows a
highly significant correlation with their oral clinical dosage (Creese et al., Science, 192:481-483, 1976). This clinical
effect is believed to result from actions on mesolimbic-mesocortical dopamine projections to the forebrain, specifically
inhibition of dopamine hypersensitivity caused by increased receptor density, as demonstrated in postmortem studies
of schizophrenic brains (Lee et al., Nature, 274: 897, 1978).

[0037] The biological activity of the compounds of this invention makes them useful for treating psychotic disorders
in human subjects. For example, these compounds are useful for treating psychotic disorders of the schizophrenic
types, and in particular the compounds are useful for removing or ameliorating such symptoms as anxiety, agitation,
excessive aggression, tension and social or emotional withdrawal in psychotic patients.

[0038] Inapharmaceutical composition comprising a compound of formula (1), or a pharmaceutically-acceptable salt
thereof, the weight ratio of active ingredient to carrier will normally be in the range from 1:6 to 2:1, and preferably 1:4
to 1:1. However, in any given case, the ratio chosen will depend on such factors as the solubility of the active component,
the dosage contemplated and the precise route of administration.

[0039] For oral use of a neuroleptic agent of this invention, the compounds are administered, for example, in the
form of tablets or capsules, or as an aqueous solution or suspension. In the case of tablets for oral use, carriers which
can be used include lactose and corn starch, and lubricating agents, such as magnesium stearate, can be added. For
oral administration in capsule form, useful diluents are lactose and dried corn starch. When aqueous suspensions are
required for oral use, the active ingredient can be combined with emulsifying and suspending agents. If desired, certain
sweetening and/or flavoring agents can be added. For intramuscular and intravenous use, sterile solutions of the active
ingredient can be prepared, and the pH of the solutions should be suitably adjusted and buffered. For intravenous use,
the total concentration of solutes should be controlled to render the preparation isotonic.

[0040] When an agent of this invention is to be used in a human subject to treat a psychotic disorder, the daily dosage
will normally be determined by the prescribing physician. Moreover, the dosage will vary according to the age, weight
and response of the individual patient as well as the severity of the patient's symptoms. However, in most instances,
an effective amount for treating a psychotic disorder will be a daily dosage in the range from about 1 to 500 mg,
preferably about 5 to 100 mg, in single or divided doses, orally or parenterally. In some instances it may be necessary
to use dosages outside these limits.

[0041] The following examples are provided solely for the purpose of further illustration.

Reference Example 1

Cis-7-hydroxymethyl-2-(1,2)(benzisoxazol-3-yl)-2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[ 1,2-alpyrazine

[0042]

HOCH, &7

20
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[0043] A solution of cis-7-hydroxymethyl-2,3,4,6,7,8,9,9a-octahydro-2H-pyrido[1,2-a]pyrazine (50g, 0.29 mol),
3-chloro-1,2-benzisoxazole (61.3g, 0.39 mol) and 1,8-diazabicyclo[5.4.0lundec-7-ene (50ml, 0.33 mol) in pyridine (100
ml) was heated at 115°C under a nitrogen atmosphere for 18h. The reaction was cooled to 45° C and diluted with water
1o 800 ml volume. The crude solid was collected, air-dried, and then slurried in refluxing methanol (400 ml) for 1h. After
cooling to room temperature, the product was collected by filtration and washed with methanol to yield 75.4g (91%).
mp 180-4.5°C.

Reference Example 2

(78,9a8)-Cis-7-hydroxymethyl-2-(1,2-benzisoxazol-3-y)-2,3,4,6,7.8,9,9a-octahydro-1H-pyrido[ 1,2-a]pyrazine

[0044]

HOCH,

L~

\
N—0O

[0045] The racemic cis-alcohol (70.4g, 0.245 mol) from Reference Example 1 was slurried in methanol (1.2L) at
60-5°C and D-(-)-tartaric acid (38.7g, 0.258 mol) was added in one portion. Almost complete solution was achieved
before the salt began to precipitate. The mixture was refluxed for 3 hours, and then cooled to room temperature and
filtered. The isolated solid was slurried in methanol (50 ml) and water (150 ml) at 60°C to give a thin slurry which was
diluted with methanol (1L) and refluxed for 18 hours. After cooling the mixture, the salt was collected by filtration and
dried in vacuo. The yield was 48.959g, 45.7% mp 207-9°C; [a], - 37.61° (¢=0.521, water). Anal. Calcd. for CoqH57N3Og:
C,54.91; H,6.22; N, 9.61. Found: C, 54.79; H, 6.37; N, 9.45.

[0046] The salt (48.7g, 0.11 mol) was added to a stirred mixture of methylene chloride (500 ml) and 2N NaOH (110
ml). The pH of the aqueous layer was 12. The organic layer was separated and the aqueous extracted with methylene
chloride a second time. The combined organics were washed with brine and dried over MgSQO;. Filtration of the drying
agent and evaporation yielded the optically active cis-diamine, 29.45g; 93.3%. mp 127-30°C, [o]p - 45.52° (c = 0.692,
MeOH). Anal. Calcd. for C4gH5{N3O5: C, 66.88; H, 7.37; N, 14.62. Found: C, 66.72; H, 7.25; N, 14.52.

Example 1

(78,9a8)-Cis-7-formyl-2-(1,2-benzisoxazol-3-yl)-2,3,4,6,7.8,9,9a-octahydro-1H-pyrido[ 1,2-alpyrazine

[0047]

OCH

o

|
N—g

[0048] The optically active cis-alcohol (6g, 21 mmol) from Reference Example 2 was dissolved in methylene chloride
(160 ml) and dimethylsulfoxide (1.5 ml) with diisopropylethylamine (14.5 ml, 84 mmol) and cooled to 0°C in an ice
water bath. A solution of sulfur trioxide pyridine complex (10g, 63 mmol) in dimethylsulfoxide (15 ml) was added drop-
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wise under N,. The reaction was allowed to warm to room temperature and stirred overnight. Water (75 ml) was added
and the reaction stirred for 10 minutes. The layers were separated and the organics were washed with water, with
brine, and were dried over MgSO,. The solvent was removed in vacuo to give the product as a crude oil which solidified.
Ethyl acetate (75 ml) was added followed by a solution of sodium bisulfite (4g) in water (50 ml) and the mixture was
stirred for 20 minutes. The layers were separated and the aqueous was extracted With ethyl acetate. The resulting
aqueous layer was combined with fresh ethyl acetate and sodium carbonate (5g) and stirred for 15 minutes. The layers
were separated and the organics were dried over MgSO,. The solution was filtered and evaporated in vacuo to provide
the purified aldehyde as a white solid, 4.68g, 79% yield. NMR (CDCl,, 300 MHz) 6 9.8 (s, 1, CHO), 7.67 (dd, 1), 7.45
(m, 2), 7.20 (m, 1), 8.95 (m,1), 3.80 (m, 1), 3.28 (m, 2), 2.80 (m, 2), 2.5-2.15 (m, 5), 1.5 (m, 2), 1.3 (m, 1).

Example 2

(7R,9a8)-Trans-7-formyl-2-(1,2-benzisoxazol-3-yl)-2,3.4,6,7,8,9,9a-1H-pyrido[1,2-a]pyrazine

[0049]

0 C H 1, /I///

|
N—g

[0050] The optically active cis-aldehyde from Example | (0.4 g) was dissolved in methanol (10 ml) with sodium car-
bonate (30 mg) and stirred at room temperature for 18 hours. The reaction was followed by tlc on silica gel plates with
1:1 ethyl acetate: chloroform as the solvent. The cis-aldehyde has an Rf of 0.44 while the trans-aldehyde has an Rf of
0.12. The equilibrium point of the mixture is ca. 15:1, trans : cis. The reaction mixture was evaporated and ethyl acetate
and water were added. The organic layer was washed with brine, dried over MgSQO,, and evaporated to give the trans-
aldehyde with 10% of the cis-aldehyde. NMR (CDCl,, 300 MHz) 8 9.63 (s, 1, CHO trans).

Example 3

(7R,9a8)-Trans-7-hydroxymethyl-2-(1,2-benzisoxazol-3-y)-2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazine

[0051]

HOC Ha /I///I/’

l\/N

N—-0Q

[0052] A solution of the cis-aldehyde from Example 1 (4.65g, 0.016 mol) in methanol (75 ml) was stirred at room
temperature with sodium carbonate (0.152g, 0.0014 mol) for 18 hours. During this time, tlc showed the conversion to
trans-aldehyde. The reaction was cooled to 5°C and a solution of sodium borohydride (0.31g, 8.2 mmol) in methanol
(5 ml)was added dropwise. The methanol was removed by evaporation in vacuo and the crude product was dissolved
in ethyl acetate and water. The ethyl acetate layer was washed with water and brine, dried over MgSQO,4 and evaporated.
The crude material was crystallized from isopropanol (30 ml) and hexanes (10 ml). The mother liquor was evaporated
and the residue chromatographed over silica gel with acetone to provide additional pure trans-alcohol. The first crop
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material and the chromatographed sample were combined and recrystallized from isopropyl alcohol (25 ml) and hex-
anes (25 ml) to give 3.36g (72%) of analytically pure trans-alcohol. mp 158-9°C, [0]p-9.06°(c=0.552, MeOH) Anal.
Caled. for C1gH51N3O5 1 C, 66.88; H, 7.37; N, 14.62. Found: C, 67.10; H, 7.60; N, 14.71.

Example 4

(7R,9a8)-Trans-7-(methanesulfonyloxymethyl)-2-(1,2-benzisoxazol-3-yl)-2,3,4,6,7,8,9,9a-octahydro-1-H-pyrido
1,2-alpyrazine

[0053]

ﬂeSOEOCHa I/I//’/I

L+

N—0

[0054] The trans-alcohol from Example 3 (3.62g, 12.6 mmol) was suspended in methylene chloride (60 ml) with
triethylamine (1.95 ml, 14 mmol) and stirred at 0°C under nitrogen while a solution of methanesulfonyl chloride (1.1
ml, 14 mmol) in methylene chloride (10 ml) was added dropwise. The reaction was allowed to warm to room temperature
and after 2 hours, a tlc on silica gel with 9:1, methylene chloride: methanol showed the reaction was complete. The
reaction mixture was washed with aqueous sodium carbonate and dried over MgSQO,. The drying agent was removed
by filtration and the solvent was evaporated in vacuo to provide the title product as a white solid (4.4g, 96.5%) with
traces of triethylamine. NMR (CDCl,, 300 MHz) 8 7.66 (d, 1), 7.44 (m, 2), 7.19 (dt, 1), 4.0 (m, 3), 3.73 (m, 1), 3.25 (d,
1), 3.0 (soverm, 1),2.83(m, 2), 248 (dt, 1), 2.14 (m, 2), 1.9 (1, 1), 1.83 (m, 1), 1.72 (m, 1), 1.34 (m, 1), 1.12 (m, 1).

Example 5

(78,9a8)-Trans-7-(cyanomethyl)-2-(1,2-benzisoxazol-3-y|)-2,3.4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-alpyrazine

[0055]

NCC Ha /I///,// M

L

N—0

[0056] The trans-mesylate from Example 4 (4.49, 12 mmol) and sodium cyanide (1.2g, 24 mmol) were heated in
dimethylformamide (25 ml) at 100°C under nitrogen for six hours. The reaction was cooled to room temperature and
diluted to 150 ml volume with water and the mixture granulated for 45 minutes. The solid was collected by filtration,
dissolved in methylene chloride and washed with aqueous sodium carbonate solution and brine. The organic solution
was dried over MgSQ,, filtered, and evaporated in vacuo to afford the title compound as a white solid, 3.32g, 93.5%.
mp 184-86°C; NMR (CDCl;, 300 MHz) 6 7.68 (d, 1), 7.46 (m, 2), 7.20 (dt, 1), 3.98 (dg, 1), 3.87 (dt, 1), 3.28 (dt, 1), 2.96
(m, 1), 2.86 (m, 2), 2.50 (dt, 1), 2.30 (d, 2), 2.21 - 1.68 (m, 5), 1.38 (dq, 1), 1.19 (dq, 1).
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Example 6

(7R,9a8)-Trans-7-(1-hydroxy-2-nitroethyl)-2-(1,2-benzisoxazol-3-yl)-2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-a]
pyrazine

[0057]

OH

O,N
2
\/1///////

N—0

[0058] The optically active cis-aldehyde from Example 1 (3.5g, 12.3 mmol) was equilibrated to the trans-aldehyde
in methanol (50 ml) with sodium carbonate (0.125g, 1.2 mmol) over 4 hours at room temperature. Nitromethane (3g,
49 mmol) was added to the mixture and after 1 hour precipitation of the nitroalcohol began. The title compound was
collected over three crops as a white solid, 3.65g (82%). mp 153-6° C; NMR (DMSO-dg, 300 MHz) 6 8.0 (d, 1), 7.57
(d, 2), 7.29 (m, 1), 5.45 (d, 1), 4.79 (dd, 1), 4.30 (dd, 1), 3.89 (m, 3).

Example 7

(78,9a8)-Trans-7-(2-nitroethylenyl)-2-(1,2-benzisoxazol-3-y1)-2,3,4.6,7,8,9,9a-octahydro-1H-pyrido[ 1,2-a]pyrazine

[0059]

\
N—0

[0060] The optically active nitroalcohol from Example 6 (1.9g, 5.22 mmol) was treated with acetic anhydride (1 ml)
and dimethylaminopyridine (30 mg, 0.25 mmol) in tetrahydrofuran (20 ml) at room temperature. After 2.5 hours at room
temperature, this was added to sodium carbonate (1.5g, 14 mmol) in methanol (30 ml) and stirred for 2 hours. The
reaction was concentrated in vacuo to 10 ml and partitioned between ethyl acetate and water. The organic layer was
washed with water, dried over MgSO, and evaporated in vacuo to afford the title product as a yellow solid; 1.42g, 83%
yield. Rf 0.65 (silica gel, 9:1 - methylene chloride : methanol) NMR (CDCl,, 300 MHz) § 7.68 (dd, 1), 7.45 (m, 2), 7.18
(m, 2), 6.96 (d, 1), 4.00 (m, 1), 3.88 (m, 1), 3.29 (dt, 1), 2.89 (m, 3), 2.65 (m, 1), 2.52 (dt, 1), 2.21 (m, 1), 2.04 (m, 1),
1.93 (m, 1), 1.76 (m, 1), 1.36 (m, 2).

24



10

15

20

25

30

35

40

45

50

55

EP 0 646 116 B1

Reference Example 3

Racemic cis-7-hydroxymethyl-2-(tert.-butoxycarbonyl)-2,3.4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-alpyrazine

[0061]

l\/”\[‘1/°j<

[0062] A suspension of cis-7-hydroxymethyl-2,3,4,6,7,8,9,9a-octahydro-2H-pyrido[1,2-a]pyrazine (4.4g, 25.6 mmol)
in methylene chloride (50 ml) was stirred at room temperature while a solution of di-tert.-butyl dicarbonate (5.7g, 26.1
mmol) in methylene chloride (50 ml) was added dropwise. The solution was stirred at room temperature ovemight. The
reaction was washed with water, with brine and was dried over MgSQO,. Evaporation in vacuo afforded the title product
as a colorless oil which slowly crystallized. 6.42g, 93%.

Reference Example 4

(78,9a8)-Cis-7-hydroxymethyl-2-(tert.-butoxycarbonyl)-2,3.4,6,7,8,9,9a-octahydro-1H-pyrido[ 1,2-alpyrazine

[0063]

K

0

[0064] The racemic diamino-alcohol from Reference Example 3 (38g, 0.141 mol) in methanol (340 ml) at room tem-
perature was treated with (-)-tartaric acid (21g, 0.141 mol) in one portion. After a short time the solution became cloudy
and precipitation began. The mixture was stirred ovemight. The solid was collected by filtration and was washed with
methanol. This initial salt was stirred with fresh methanol (200 ml) overnight. The solid was filtered and dried in vacuo
to provide the pure tartrate salt; 23.75g, 40% yield. mp 195-6°C; [0]p-36.86° (c=0.765, water) Anal. Calcd. for
CqgH3oNoOg 1 C, 51.42; H, 7.67; N, 6.66. Found: C, 51.74; H, 7.54; N, 6.52.

[0065] The tartrate salt was partitioned between methylene chloride and 1N NaOH (pH 10.5). The layers were sep-
arated and the aqueous layer extracted a second time with methylene chloride. The combined organic layers were
dried over MgSQO, and concentrated in vacuo to provide the title compound as an oil which slowly crystallized. mp;
60-5°C; [at]p-35.03°(c=0.942, MeOH). 13CMR (CDCl,, 300 MHz) & 154.463, 79.677, 67.341, 60.776, 60.249, 58.119,
54.813, 48.747, 43.901, 34.349, 28.382, 26.794, 26.076.
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Example 8

(78,9a8)-Cis-7-formyl-2-(tert.-butoxycarbony}-2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[ 1,2-a]pyrazine

[0066]

K/“\u/o\'<

[0067] The optically active cis-alcohol (6.13g, 22.7 mmol) from Reference Example 4 was oxidized with sulfur trioxide-
pyridine complex (8.8g, 55.5 mmol), diisopropylethylamine (15.5 ml, 89 mmol) and dimethylsulfoxide (23 ml) in meth-
ylene chloride (150 ml) as described in Example 3 and purified through the bisulfite procedure to provide the title
material, 3.1g, 50% yield, as a yellow oil. Rf 0.48 (70% chloroform : 30% ethyl acetate). NMR (CDCl;, 300 MHz) § 9.68
(s, 1, CHO), 1.37 (s, 9, MegC).

Example 9

(7R,9a8)-Trans-7-formyl-2-(tert.-butoxycarbonyl}-2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazine and (7R,9aS)-
trans-7-(hydroxymethyl)-2-(tert.-butoxycarbonyl)-2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[ 1,2-alpyrazine

[0068]

0 OH
| |
Uy, K

[0069] The optically active cis-aldehyde (0.28g, 1 mmol) in methanol (10 ml) was stirred with sodium carbonate (80
mg, 0.75 mmol) at room temperature for 18 hours. The tlc of the mixture at this point showed that the conversion to
the more polar trans-aldehyde was complete. (tlc: silica gel; 70% CHCl; : 30% ethyl acetate) Sodium borohydride (10
mg) was added to the solution. After 0.5 hour, the reaction was concentrated and ethyl acetate and water were added.
The desired optically active trans-alcohol was recovered from the organic layer and purified by flash chromatography
over silica gel with acetone; 0.15g, 54% yield. [a]5-2.21°(c=0.317, CHCly)

26



10

15

20

25

30

35

40

45

50

55

EP 0 646 116 B1

Example 10

(7R,9a8)-Trans-7-(1-hydroxy-2-nitroethyl)-2-(tert.-butoxycarbonyl)-2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[ 1,2-a]
pyrazine

[0070]

0,N
"y, "
L\\/,NBGC

[0071] The optically active cis-aldehyde from Example 8 (3g, 11.2 mmol) in methanol (30 ml) was stirred with sodium
carbonate (300 mg, 2.8 mmol) at room temperature for 18 hours. Nitromethane (5 ml) was added to the reaction and
the solution was stirred for 72 hours. The reaction was concentrated in vacuo and partitioned between ethyl acetate
and water. The ethyl acetate layer was washed with water, with brine, and was dried over MgSQO,. Evaporation gave
the crude product which was purified by flash chromatography over silica gel with ethyl acetate as eluant. The title
product was a colorless oil which slowly crystallized, 1.789, 48%. mp 142-50°C. 13CMR (CDCl,, 300 MHz) § 154.547,
79.886, 79.391, 71.109, 70.440, 60.519, 60.422, 57.508, 57.026, 54.737, 39.790, 39.708, 28.397, 26.555, 24.892.

Example 11

(7S,9a8)-Trans-7-(2-nitroethylenyl)-2-(tert.-butoxycarbonyl)-2,3,4,5,6,7,8,9,9a-octahydro-1H-pyrido[ 1m2-alpyrazine

[0072]

\//l’//”//

L\\/,~soc

[0073] The optically active nitroalcohol from Example 10 (1.2g, 3.65 mmol) and acetic anhydride (0.7 ml, 7.5 ml) in
tetrahydrofuran (20 ml) were stirred at room temperature while dimethylaminopyridine (25 mg, 0.2 mmol) was added.
After 0.5 hour, tlc (silica gel, ethyl acetate) showed no alcohol remained and sodium carbonate (1 g, 9.4 mmol) was
added and the reaction was stirred for 2 hours. The reaction was concentrated to half volume in vacuo and water and
ethyl acetate were added. The nitroolefin was recovered from the organic layer as a yellow oil which slowly crystallized,
1 g, 90% vyield. NMR (CDCl,, 300 MHz) 8 7.10 (g, 1), 6.94 (d, 1), 1.46 (s, 9). T3CMR (CDCl,) & 154.368, 143.225,
139.359, 79.843, 60.010, 58.925, 54.496, 36.289, 28.965, 28.395.
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Example 12

(78,9a8)-Trans-7-(2-aminoethyl)-2-(1,2-benzisoxazol-3-yl)-2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[ 1,2-a]pyrazine

[0074]

H 2 N \////,, 2

b

|
N—p

A. The trans-nitrile from Example 5 (3.3g, 11 mmol) was added as a solid in portions to lithium aluminum hydride
(0.7g, 18 mmol) in tetrahydrofuran (60 ml) over three minutes. The reaction was heated to reflux for 24 hours, then
cooled to room temperature. Water (0.7 ml in 10 ml tetrahydrofuran) was added slowly followed by 15% NaOH
(0.7 ml) and water (2 ml). After stirring for 3 hours to decompose excess hydride, the mixture was filtered and the
solids washed with hot tetrahydrofuran. The organic solvent was removed in vacuo and the residue was dissolved
in methylene chloride and washed with aqueous sodium carbonate. The organic solution was dried over MgSQ,,
filtered, and evaporated to afford the crude amine. This was dissolved in ethanol (48 ml), d-(+)-mandelic acid (1.6g,
10.7 mmol) was added, and the mixture was heated to reflux briefly. The purified amine mandelate salt was isolated
by filtration and was dried in vacuo; 2.15g, 43% yield.

B. The nitroolefin from Example 7 (1.5g, 4.6 mmol) was reduced to the title compound with 1M lithium aluminum
hydride in tetrahydrofuran (14 ml, 14 mmol). The work up was the same as that described for the nitrile reduction
and the pure amine was isolated as the mandelate salt, 0.6g, 37.5%.

Preparation 1

Dimethyl cis-N-(2-(phthalimido)ethyl)piperidine-2,5-dicarboxylate

Method A

[0075] A solution of 12.0g (45.6 mmol) phthalimido acetaldehyde diethyl acetal (Aldrich Chemical Co., Inc.) in 36 ml
acetic acid and 1.34 ml concentrated HC| was heated at 45-50°C for 2 hours. After cooling the solution to 20°C, 9.09¢g
dimethyl cis-piperidine-2,5-dicarboxylate was added and stirring was continued for an additional 30 minutes at 20-25°C.
The resulting light orange solution was treated with the portionwise addition of 12.08g (57 mmol) Na(OAc);BH over
30 minutes and stirred for an additional 30 minutes at 30-35°C. The solution was cooled to 20°C and diluted with 120
ml H,O and 120 ml CH,Cl, with 36 ml EtOH, followed by the addition of 100 ml hexanes, resulted in the crystallization
of a solid which was allowed to granulate overnight at 20-25°C. Filtration and drying of this solid provided 13.5g (79.4%)
of present title product as a solid melting at 97-100°C.

Method B

[0076] A stirred mixture of 70 ml of CH,Cl,, 9.8g (51 mmol) of N-(2-hydroxyethyl)phthalimide and 6.1 ml (0.52 mmol)
of 2,6-lutidine was cooled to -4°C. Maintaining the temperature below 15°C, trifluoromethane sulfonic anhydride (8.9
ml, 0.53 mmol) was added slowly over 1 hour. The resulting mixture was stirred at 15-20°C for 1.25 hours, then washed
sequentially with 40 ml H,O, 40 ml 2N HCI and 40 ml H,O to yield a solution of N-((2-triflyloxy)ethyl)phthalimide. At
20-25°C, a separate reaction vessel was charge with 50 ml CH,Cl,, 55 ml H,O and 10.6g (0.1 mol) Na,COg5. After
stirring for 15 minutes, dimethyl cis-piperidine-2,5-dicarboxylate (11.9g, 50 mmol) and the above reagent solution were
added, and the mixture stirred for 1.25 hours at 20-25°C. The organic layer was separated, washed with 30 ml of water,
and the CH,Cl, displaced by boiling with hexane to a final volume of 125 ml, during which time the present title product
began to crystallize. After stirring and granulating for 1 hour at 0-5°C, the present title product, 16.7g, was recovered
by filtration; m.p. 98-100°C.
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Method C

[0077] To a well-stirred bi-phasic mixture consisting of sodium carbonate (500g, 4.72 mol) in water (3 liters) and cis-
2,5-piperidine dicarboxylate dimethyl ester (240g, 1.18 mol) in methylene chloride (4.5 liters), a solution of 2(phthalim-
ido)ethyl triflate (4179, 1.29 mol) in methylene chloride (3 liters) is added in a steady stream over a 3 hour period. The
organic layer is separated, and the aqueous layer is extracted with fresh methylene chloride (3 liters). The combined
organic extracts are washed with water (3 liters), then with brine (3 liters), dried with anhydrous magnesium sulfate
and finally concentrated in vacuo to a solid. The entire residue is triturated in refluxing ether (3 liters) with vigorous
stirring for 15 minutes. After cooling to ambient temperature, the solution is poured into hexanes (3 liters), and the
resulting mixture is stirred for 18 hours. The present title product is collected by filtration.

Preparation 2

Racemic Methyl (7S*,9a8*)-4,6,7,8,9,9a-Hexahydro-2H,3H-pyrido[1,2-a]pyrazin-1-one-7-carboxylate

[0078] A mixture of 240 ml of methanol, 16.6g (44 mmol) of the title product of Preparation 1, and 5.74 ml (97 mmol)
of 54% hydrazine was stirred at 20-25°C for 17 hours. The mixture was then diluted with 200 ml of CH,Cl,, granulated
for 1 hour, and by-product recovered by filtration with 75 ml CH,Cl, wash. The combined filtrate and wash liquor was
concentrated to 225 ml by distillation and CH,Cl,/methanol displaced with isopropyl alcohol by distillation to a final
volume of 200 ml. After cooling slowly from 50°C to 8°C over a 2 hour period, title product, 9.2g, was recovered by
filtration. The entire batch was purified by recyrstallization from CH,Cl, to yield 7.45g of purified title product, identical
with the product of Preparation 4 of above cited Bright et al., WO90/08144.

Preparation 3

cis-7-Hydroxymethyl-2,3,4,6,7.8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazine

[0079] A flame-dried flask fitted with a magnetic stirrer, condenser, and nitrogen inlet was charged with a slurry of
lithium aluminum hydride (14.88g, 0.46 mol) in 500 ml of dry tetrahydrofuran. Title product of the preceding Preparation
(53.61g, 0.25 mol) was added portionwise, in solid form, to the well-stirred mixture over a one hour period. The mixture
was then refluxed under nitrogen for 18 hours. After cooling to 15°C, the reaction was quenched by cautious dropwise
addition of water (100 ml). The mixture was then filtered, and the filter cake was washed with 150 ml of tetrahydrofuran.
The filtrate was concentrated in vacuo to a solid, which was extracted three times with one liter portions of methylene
chloride. The tetrahydrofuran and methylene chloride extracts were concentrated in vacuo to afford the title compound
(42.06g, 97.8% yield) as an amorphous solid. HRMS 170.1413, calcd. 170.1419.

13C-NMR (300 MHz, CDCl,) delta 65.6, 62.6, 57.8, 56.0, 51.8, 45.8, 34.7, 26.4, 26.0

Preparation 4

8-[2-[7S-(2-(3-(1,2-benzisoxazolyl)-2,3,4,6,7,8,9, (9aS-octahydro-1H-pyrido[1,2-alpyrazinyl)]-ethyl]-8-azaspiro[4,5]-
decane-7,9-dione

[0080]

N\/’ Uy
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[0081] The (-)-amine (0.35g, 1.17 mmol) from Example 12 and 4,4-tetramethylene glutaric anhydride (0.208g, 1.24
mmol) were refluxed in toluene for 1 hour. Acetic anhydride (1 ml) was added at this point and heating was continued
for two hours. The reaction was cooled to room temperature and diluted with ethyl acetate. This was washed with
sodium carbonate solution, with brine and dried over MgSQO,. The organic solvents were removed in vacuo and the
residue was crystallized from isopropanol (10 ml) to afford the title compound, 0.3g, 57% yield. mp 153-5.5°C; [¢]p -
4.1° (¢=0.536, CH,Cl,)

Claims

1. A process for preparing a substantially optically pure compound of the formula

O C H /// /////

|\/N\
: C

having (7R,9aS-Trans) configuration wherein C is selected from the group consisting of

and a nitrogen protecting group which is removable by hydrogenation or acid treatment; wherein X is N or CH; Y
is O or S and Z is H or Cl; comprising:

(a) reacting an activated form of C with a racemic compound of the formula

HOCH,

lVNH

in a reaction inert solvent with an acid acceptor to form a racemic product which has formula

HOCH,

|\/N H
~ 9
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(b) reacting the racemic product of step (a) with a slight molar excess of D-(-)-tartaric acid in a reaction inert
solvent forming two diasteromeric salts;

(c) separating the diasteromeric salts of step (b) and treating the salt having (7S,9as-Cis) configuration with
base to obtain a compound which has the formula

HOCH,

l\/N }
~ j

¢

having (75,9aS-Cis) configuration;
(d) oxidizing the product of step (¢) to form a product of the formula

OCH

o2

having (75,9aS-Cis) configuration.
(e) Isomerizing the product of step (d) to produce a compound of the formula

0 C H I/, I///,

k/N ~c

having (7R,9aS-Trans) configuration.

2. A process for preparing a substantially optically pure compound of the formula

HoNCH,C HZ’I////Q

N
~
C

having (7S,9aS-Trans) configuration where in C is selected from the group consisting of H,

31



10

15

20

25

30

35

40

45

50

55

EP 0 646 116 B1

~ ’ \Y

and a nitrogen protecting group which is removable by treatment with a strong acid; wherein Xis Nor CH; Y is O
or S; and Z is H or Cl comprising:

(a) isomerizing a compound of the formula

OCH

‘\/N\c

having (7S,9aS-Cis) configuration wherein C is selected from the group consisting of

and a nitrogen protecting group removable by treatment with strong acid; wherein X is N or CH; Y is O
or S and Z is H or ClI; thereby converting said compound to the (7R,9aS-Trans) configuration; and without
isolation adding excess nitromethane and stirring until the reaction is complete to cbtain a compound having
the formula

OH

NG
///,/,/
K/N\ C

having (7R,9aS-Trans) configuration;
(b) reacting the product of step (a) with an acid anhydride and a weak organic base in a reaction inert solvent
to produce a compound having the formula
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0,N

7
\//J Uy,

L

with a (7S,9aS-Trans) configuration;
(¢) reducing the compound of step (b) to produce a compound having the formula

H,N
\/"I/,’I

L,

with a (7S,9aS-Trans) configuration; wherein C is selected from the group consisting of

and a nitrogen protecting group which is removable by treatment with a strong acid, wherein X is NH or
CH;YisOorS;andZisHor Cl;
(d) reacting the product of step (¢) wherein C is an amine protecting group which is removable with strong
acid, with strong acid in a reaction inert solvent and neutralized with base producing a product having the
formula

HoN

\//’/ 7, "

L,

with a (7S,9aS-Trans) configuration.

3. A process for preparing a substantially optically pure compound of the formula
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HoN
V//,, y

having (7S,9aS-Trans) configuration where in C is selected from the group consisting of H,

and a nitrogen protecting group which is removable by treatment with a strong acid; wherein Xis Nor CH; Y is O

or S; and Z is H or Cl; comprising:

(a) reacting a compound of the formula

.

0 C H /) /////

having (7R, 9aS-Trans) configuration wherein C is selected from the group consisting of

and a nitrogen protecting group removable by treatment with strong acid; wherein X is N or CH; Y is O
or S and Z is H or Cl; with a reducing agent to produce a compound of the formula

HOCH,

having (7R,9aS-Trans) configuration;

//// ////

34
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(b) reacting the product of step (a) with a (C4-Cg)alkyl, phenyl or alkyl substituted phenyl sulfonyl chloride in
a reaction inert solvent and in the presence of a base to form a compound of the formula

RSOEOCHZ /I//,,II

g

having (7R,9aS-Trans) configuration; wherein R is (C{-Cg)alkyl, phenyl or alkyl substituted phenyl
(c) reacting the product of step (b) with an alkali metal cyanide in a reaction inert solvent to form a compound
NCCH,

of the formula

N¢

z

having (7S,9aS-Trans) configuration;
(d) reducing the product of step (¢) to form a compound of the formula

HoN
V[/ ty, //I/

P

with a (7S,9aS-Trans) configuration; wherein C is selected from the group consisting of

4

/
/
<

and a nitrogen protecting group which is removable by treatment with a strong acid, wherein X is NH or CH,;
YisOorS;and Zis HorCl;

(e) reacting the product of step (d) wherein C is an amine protecting group which is removable with strong
acid, with strong acid in a reaction inert solvent and neutralizing with base to produce a compound having the
formula
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H,N
K////, 2

L,

with a (7S,9aS-Trans) configuration.

A substantially optically pure compound of the formula

B
9
wherein the substituent B is either cis or trans to the Cg,-C, bond and is selected from the group consisting of

-CH,OH, -CHO, -CH,O80O,R, -CH,5CN, -CH(OH)CH,NO, and -CH=CH-NO,; C is selected from the group con-
sisting of -H,

and a nitrogen protecting group which is removable by hydrogenation or acid treatment; and wherein R is (C;-Cg)
alkyl, phenyl or alkyl substituted phenyl; X is N or CH; Y is O or S; and Z is H or Cl; and with the proviso that if B
is cis to the Cgy,-C4 bond, B must be -CHO and C must be a group other than -H; and acid salts thereof.

A compound of claim 4 wherein C is 1,2-benzisoxazol-3-yl or tert-butoxycarbonyl.

The compound of claim 4 which is (7S,9aS)-Cis-7-formyl-2-(1,2-benzisoxazol-3-yl)-23,4,6,7,8,9,9a-octahydro-1H-
pyrido[1,2-a]pyrazine.

The compound of claim 4 which is (7R,9aS)-Trans-7-formyl-2-(1,2-benzisoxazol-3-yl)-2,3,4,6,7,8,9,9a-octahydro-
1H-pyrido[1,2-a]pyrazine.

The compound of claim 4 which is (7R,9aS)-Trans-7-hydroxymethyl-2-(1,2-benzisoxazol-3-yl)-2,3,4,6,7,8,9,9a-
octahydro-1H-pyrido[1,2-a]pyrazine.

The compound of claim 4 which is (7R,9aS)-Trans-7-(methanesulfonyloxymethyl)-2-(1,2-benzisoxazol-3-yl)-
2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazine.

The compound of claim 4 which is (7S,9aS)-Trans-7-(cyanomethyl)-2-(1,2-benzisoxazol-3-yl)-2,3,4,6,7,8,9,9a-oc-
tahydro-1H-pyrido[1,2-a]pyrazine.

The compound of claim 4 which is (7R,9aS)-Trans-7-(1-hydroxy-2-nitroethyl)-2-(1,2-benzisoxazol-3-yl)-
2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazine.

The compound of claim 4 which is (7S,9aS)-Trans-7-(2-nitroethylenyl)-2-(1,2-benzisoxazol-3-yl)-2,3,4,6,7,8,9,9a-
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16.

17.
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octahydro-1H-pyrido[1,2-a]pyrazine.

The compound of claim 4 which is (7S,9aS)-Cis-7-formyl-2-(tert.-butoxycarbonyl)-2,3,4,6,7,8,9,9a-octahydro-1H-
pyrido[1,2-a]pyrazine.

The compound of claim 4 which is (7R,9aS)-Trans-7-formyl-2-(tert.butoxycarbonyl)-2,3,4,6,7,8,9,9a-octahydro-
1H-pyrido[1,2-a]pyrazine.

The compound of claim 4 which is (7R,9aS)-trans-7-(hydroxymethyl)-2-(tert.-butoxycarbonyl)-2,3,4,6,7,8,9,9a-oc-
tahydro-1H-pyrido[1,2-a]pyrazine.

The compound of claim 4 which is (7R,9aS)-Trans-7-(1-hydroxy-2-nitroethyl)-2-(tert.-butoxycarbonyl)-
2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazine.

The compound of claim 4 which is (7S,-9aS)-Trans-7-(2-nitroethylenyl)-2-(tert.-butoxycarbonyl)-2,3,4,6,7,8,9, 9a-
octahydro-1H-pyrido[1,2-a]pyrazine.

Patentanspriiche

1.

Verfahren zur Herstellung einer im wesentlichen optisch reinen Verbindung der Formel

0 C HI’I”I/,

mit (7R,9aS-trans)-Konfiguration, wobei C ausgewahlt ist aus der Gruppe, bestehend aus

\<
2\
N

und einer Stickstoffschutzgruppe, die durch Hydrierung oder S&durebehandlung entfernbar ist; worin X N oder
CH darstellt; Y O oder S darstellt und Z H oder Cl darstellt; umfassend:

(a) Umsetzen einer aktivierten Form von C mit einer racemischen Verbindung der Formel

HOCH,

L aw

in einem fur die Reaktion inerten Lésungsmittel mit einem Saureakzeptor unter Bildung eines racemi-
schen Produkts der Formel
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HOCH,

NOZN

€

(b) Umsetzen des racemischen Produkts von Schritt (a) mit einem geringen molaren Uberschuf von D-(-)-
Weinsaure in einem flr die Reaktion inerten Lésungsmittel unter Bildung von zwei diastereomeren Salzen;
(c) Abtrennen der diastereomeren Salze von Schritt (b) und Behandeln des Salzes mit (75,9as-cis)-Konfigu-
ration mit Base unter Gewinnung einer Verbindung, die die Formel

N\
C

aufweist mit (7S,9aS-cis)-Konfiguration;
(d) Oxidieren des Produkts von Schritt (¢) unter Bildung eines Produkis der Formel

N m
mit (7S,9aS-cis)-Konfiguration;

(e) Isomerisieren des Produkts von Schritt (d) unter Herstellung einer Verbindung der Formel

z

¢

¢

mit (7R,9aS-trans)-Konfiguration.

2. Verfahren zur Herstellung einer im wesentlichen optisch reinen Verbindung der Formel
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HaNCH,CHg,

NN

c

mit (7S,9aS-trans)-Konfiguration, wobei C ausgewahlt ist aus der Gruppe, bestehend aus H,

und einer Stickstoffschutzgruppe, die durch Behandlung mit einer starken S&ure entfernbar ist; worin X N
oder CH darstellt; Y O oder S darstellt; und Z H oder Cl darstellt; umfassend:

(a) Isomerisieren einer Verbindung der Formel

0CH

NN

c

mit (7S,9aS-cis)-Konfiguration, wobei C ausgewahlt ist aus der Gruppe, bestehend aus

und einer Stickstoffschutzgruppe, die durch Behandlung mit starker S&ure entfernbar ist; worin X N oder
CH darstellt; Y O oder S darstellt; und Z H oder Cl darstellt, wodurch die Verbindung zu der (7R,9aS-trans)-
Konfiguration umgewandelt wird; und ohne Isolieren Zugabe von Nitromethan im UberschuB und Riihren, bis
die Reaktion vollstandig ist, unter Gewinnung einer Verbindung der Formel

OH
NO

//[, Ty

N
k/\c

mit (7R,9aS-trans)-Konfiguration;
(b) Umsetzen des Produkts von Schritt (a) mit einem Saureanhydrid und einer schwachen organischen Base
in einem flr die Reaktion inerten Lésungsmittel unter Herstellung einer Verbindung der Formel
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0,

N
Ny

G

mit (7S,9aS-trans)-Konfiguration;
(¢) Reduzieren der Verbindung von Schritt (b) unter Herstellung einer Verbindung der Formel

H </0,, .
e

mit (7S,9aS-trans)-Konfiguration; wobei C ausgewahlt ist aus der Gruppe, bestehend aus

e
Y / g: >~z
S l ' N\

und einer Stickstoffschutzgruppe, die durch Behandlung mit einer starken Saure entfernbar ist, worin X
NH oder CH darstellt; Y O oder S darstellt; und Z H oder Cl darstellt;
(d) Umsetzen des Produkts von Schritt (¢), wobei C eine Aminschutzgruppe darstellt, die mit starker Saure
entfernbar ist, mit starker S&ure in einem fir die Reaktion inerten Lésungsmittel und Neutralisieren mit Base,
unter Herstellung eines Produkts der Formel

H,N
\//]II,II

mit (7S,9aS-trans)-Konfiguration.

3. Verfahren zur Herstellung einer im wesentlichen optisch reinen Verbindung der Formel
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H.N
K/'/,,,,,

mit (75,9aS-trans)-Konfiguration, wobei C ausgewahlt ist aus der Gruppe, bestehend aus H,

und einer Stickstoffschutzgruppe, die durch Behandlung mit einer starken S&ure entfernbar ist; worin X N
oder CH darstellt; Y O oder S darstellt; und Z H oder Cl darstellt; umfassend:

(a) Umsetzen einer Verbindung der Formel

oc H’I’”I/,

mit (7R,9aS-trans)-Konfiguration, wobei C ausgewahlt ist aus der Gruppe, bestehend aus

und einer Stickstoffschutzgruppe, die durch Behandlung mit starker S&ure entfernbar ist; worin X N oder
CH darstellt; Y O oder S darstellt; und Z H oder Cl darstellt; mit einem Reduktionsmittel, unter Herstellung

einer Verbindung der Formel

HOCH,

mit (7R,9aS-trans)-Konfiguration;

(b) Umsetzen des Produkts von Schritt (a) mit einem (C4-Cg)-Alkyl-, Phenyl- oder Alkyl-substituierten Phenyl-
sulfonylchlorid in einem fir die Reaktion inerten Lésungsmittel und in Gegenwart einer Base unter Bildung

einer Verbindung der Formel

/II/,, "

1

L

L\v’ ~c

NOZN

C
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RS0,0CH, 4,

NZR

c

mit (7R,9aS-trans)-Konfiguration; worin R (C4-Cg)-Alkyl-, Phenyl- oder Alkyl-substituiertes Phenyl| dar-
stellt;
(¢) Umsetzen des Produkts von Schritt (b) mit einem Alkalimetallcyanid in einem flr die Reaktion inerten
Lésungsmittel unter Bildung einer Verbindung der Formel
NCCH,

I//////,Q

N\
C

mit (7S,9aS-trans)-Konfiguration;
(d) Reduzieren des Produkts von Schritt (¢) unter Bildung einer Verbindung der Formel

HoN

N

C

mit (7S,9aS-trans)-Konfiguration; wobei C ausgewahlt ist aus der Gruppe, bestehend aus

Y

-~
\( .
g {

und einer Stickstoffschutzgruppe, die durch Behandlung mit einer starken Saure entfernbar ist, worin X
NH oder CH darstellt; Y O oder S darstellt und Z H oder Cl darstellt;
(e) Umsetzen des Produkts von Schritt (d), wobei C eine Aminschutzgruppe darstellt, die mit starker Saure
entfernbar ist, mit starker Saure in einem fir die Reaktion inerten Lésungsmittel und Neutralisieren mit Base
unter Herstellung einer Verbindung der Formel
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HoN
\/II”I/,

LA

mit (7S,9aS-trans)-Konfiguration.

Im wesentlichen optisch reine Verbindung der Formel
B
m
K)\c
worin der Substituent B entweder in cis- oder trans-Stellung zu der Cq,-C4-Bindung ist und ausgewahlt ist

aus der Gruppe, bestehend aus -CH,OH, -CHO, -CH,OSO,R, -CH,CN, -CH(OH)CH,NO, und -CH=CH-NO,;
C ausgewahlt ist aus der Gruppe, bestehend aus -H,

~
N

\(/
| N
o

’ N

und einer Stickstoffschutzgruppe, die durch Hydrierung oder Saurebehandlung entfernbar ist; und worin R
(C4-Cg)-Alkyl-, Phenyl- oder Alkyl-substituiertes Phenyl darstellt; X N oder CH darstellt; Y O oder S darstellt; und
Z H oder Cl darstellt; und mit der MaBgabe, dafB3, wenn B zu der Cg,-C;-Bindung in cis-Stellung vorliegt, B -CHO
sein muB und C eine Gruppe sein muf3, die von -H verschieden ist und Sduresalze davon.

Verbindung nach Anspruch 4, wobei C 1,2-Benzisoxazol-3-yl oder tert-Butoxycarbonyl darstellt.

Verbindung nach Anspruch 4, die (7S,9aS)-cis-7-Formyl-2-(1,2-benzisoxazol-3-yl)-2,3,4,6,7,8,9,9a-octahydro-
1H-pyrido[1,2-a]pyrazin darstellt.

Verbindung nach Anspruch 4, die (7R,9aS)-trans-7-Formyl-2-(1,2-benzisoxazol-3-yl)-2,3,4,6,7,8,9,9a-octahydro-
1H-pyrido[1,2-a]pyrazin darstellt.

Verbindung nach Anspruch 4, die (7R,9aS)-trans-7-Hydroxymethyl-2-(1,2-benzisoxazol-3-yl)-2,3,4,6,7,8,9,9a-oc-
tahydro-1H-pyrido[1,2-a]pyrazin darstellt.

Verbindung nach Anspruch 4, die (7R,9aS)-trans-7-(Methansulfonyloxymethyl)-2-(1,2-benzisoxazol-3-yl)-
2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazin darstellt.

Verbindung nach Anspruch 4, die (7S,9aS)-trans-7-(Cyanomethyl)-2-(1,2-benzisoxazol-3-yl)-2,3,4,6,7,8,9,9a-oc-
tahydro-1H-pyrido[1,2-a]pyrazin darstellt.

Verbindung nach Anspruch 4, die (7R,9aS)-trans-7-(1-Hydroxy-2-nitroethyl)-2-(1,2-benzisoxazol-3-yl)-
2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazin darstellt.
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Verbindung nach Anspruch 4, die (7S,9aS)-trans-7-(2-Nitroethylenyl)-2-(1,2-benzisoxazol-3-yl)-2,3,4,6,7,8,9,9a-
octahydro-1H-pyrido[1,2-a]pyrazin darstellt.

Verbindung nach Anspruch 4, die (7S,9aS)-cis-7-Formyl-2-(tert-butoxycarbonyl)-2,3,4,6,7,8,9,9a-octahydro-1H-
pyrido[1,2-a]pyrazin darstellt.

Verbindung nach Anspruch 4, die (7R,9aS)-trans-7-Formyl-2-(tert-butoxycarbonyl)-2,3,4,6,7,8,9,9a-octahydro-
1H-pyrido[1,2-a]pyrazin darstellt.

Verbindung nach Anspruch 4, die (7R,9aS)-trans-7-(Hydroxymethyl)-2-(tert-butoxycarbonyl)-2,3,4,6,7,8,9,9a-oc-
tahydro-1H-pyrido[1,2-a]pyrazin darstellt.

Verbindung nach Anspruch 4, die (7R,9aS)-trans-7-(1-Hydroxy-2-nitroethyl)-2-(tert-butoxycarbonyl)-
2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazin darstellt.

Verbindung nach Anspruch 4, die (7S,9aS)-trans-7-(2-Nitroethylenyl)-2-(tert-butoxycarbonyl)-2,3,4,6,7,8,9,9a-oc-
tahydro-1H-pyrido[1,2-a]pyrazin darstellt.

Revendications

Un procédé de préparation d'un dérivé sensiblement optiquement pur de formule

OCH "y,

N

ayant une configuration (7R, 9aS-Trans) dans laquelle C est choisi parmi le groupe consistant en

\\74; \ ! i

~ 1 ~y

et un groupe protecteur de l'azote qui peut étre éliminé par hydrogénation ou un traitement acide: dans lequel X
représente N ou CH, Y représente O ou S et Z représente H ou Cl: comprenant les étapes suivantes:

(a) réaction d'une forme activée de C avec un dérivé racémique de formule

HOCH,

k/NH

dans un solvant réactionnel inerte avec un accepteur d'acide pour former un produit racémique qui répond a
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la formule

HOCH,

I\/N i
~ 1

c

(b) réaction du produit racémique de I'état (a) avec un léger excés molaire d'acide D-(-)-tartrique dans un

solvant réactionnel inerte formant deux sels diastéréoisoméres:

(c) séparation des sels diastéréoisoméres de I'étape (b) et traitement du sel présentant la configuration (7S.

9as-Cis) par une base pour obtenir un dérivé qui répond a la formule

HOCH,

‘\/N\ ’
C

présentant une configuration (7S,9aS-Cis);
(d) oxydation du produit de I'étape (c) pour former un produit de formule

e

présentant une configuration (7S,9aS-Cis).
(e) Isomérisation du produit de I'étape (d) pour obtenir un dérivé de formule

~

c

OCHI/I///

",

Zz

-~

~C

présentant une configuration (7R,9aS-Trans).

2. Un procédé de préparation d'un dérivé sensiblement optiquement pur de formule
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HzNCHacHZI’/I///

présentant une configuration (7S,9aS-Trans) dans laquelle (c) est choisi dans le groupe consistant en H,

et un groupe protecteur de l'azote qui peut &tre éliminé par un traitement a l'aide d'un acide fort; dans lequel X
représente N ou CH; Y représente O ou S et Z représente H ou Cl comprenant les étapes suivantes:

(a) isomérisation d'un dérivé de formule

L

présentant une configuration (7S,9aS-Cis) dans laquelle C est choisi dans le groupe consistant en

et un groupe protecteur de I'azote pouvant é&tre éliminé par un traitement & l'aide d'un acide fort, dans lequel
XestNouCH; Y estOou S et Z est Hou Cl; convertissant ainsi ledit produit en configuration (7R,9aS-Trans)
et sans isolement, addition d'un excés de nitrométhane et agitation jusqu'a ce que la réaction soit compléte
pour obtenir un dérivé répondant a la formule
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OH

NO
“ny,

ayant une configuration (7R,9aS-Trans);
(b) réaction du produit de I'étape (a) avec un anhydride d'acide et une base organique faible dans un solvant
réactionnel inerte pour obtenir un dérivé répondant a la formule

0,N

\-/////,, »

NN

présentant une configuration (7S,9aS-Trans);
(¢) réduction du dérivé de I'étape (b) pour obtenir un dérivé répondant a la formule

H N\/I//,,/ Q
L

présentant une configuration (7S,9aS-Trans) dans laquelle C est choisi dans le groupe consistant en

N , N\\Y

et un groupe protecteur de I'azote que I'on peut éliminer par traitement a l'aide d'un acide fort: dans lequel X
est NHou CH; YestOouSetZestHouCl

(d) réaction du produit de I'étape (c) dans lequel C est un groupe protecteur de I'amine que I'on peut éliminer
par un acide fort, par un acide fort dans un solvant réactionnel inerte et neutralisé par une base pour obtenir
un produit répondant a la formule
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H.N
\////I iy

PN

présentant une configuration (7S,9as-Trans).

3.  Un produit de préparation d'un dérivé sensiblement optiquement pur et répondant a la formule

HoN
K/J//// »

L

présentant une configuration (7S,9aS-Trans) dans laquelle C est choisi dans le groupe consistant en H,

I ?l—Q\z
' \Y

et un groupe protecteur de l'azote que l'on peut éliminer par traitement a I'aide d'un acide fort; dans lequel X est
N ou CH; Y est O ou S et Z est H ou Cl; comprenant les étapes suivantes:

i~

(a) réaction d'un dérivé de formule

OCHI//

SN

présentant une configuration (7R,9aS-Trans) dans laquelle C est choisi dans le groupe consistant en

et un groupe protecteur de l'azote pouvant étre éliminé par traitement a l'aide d'un acide fort; dans lequel X
est Nou CH; Y est Oou S et Z est H ou Cl; avec un agent réducteur pour obtenir un dérivé de formule
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HOCH,

/”///I/

NN

présentant une configuration (7R,9aS-Trans);
(b) réaction du produit de I'étape (a) avec un chlorure de (C4-Cg) alkyl, phényl ou alkyl phényl sulfonyle dans
un solvant réactionnel inerte et en présence d'une base pour former un dérivé de formule

RS0,0CH, ’///,/’q

N
~
C

présentant une configuration (7R,9aS-Trans); dans laquelle R est un alkyle en (C4-Cg), un phényle ou un alkyl

phényle;

(c) réaction du produit de I'étape (b) avec un cyanure de métal alcalin dans un solvant réactionnel inerte pour
NCCH,

former un produit répondant a la formule

N\
c

présentant une configuration (7R,9aS-trans)
(d) réduction du produit d'étape (c) pour former un dérivé de formule

HoN
K///,,, »

L

présentant une configuration (7S,9aS-Trans); dans laquelle C est choisi dans le groupe consistant en
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et un dérivé protecteur de I'azote que I'on peut éliminer par traitement a l'aide d'un acide fort, dans lequel X
estNouCH; YestOouSetZestHouCl

(e) réaction du produit d'étape (d) dans lequel C est un groupe protecteur d'amine pouvant étre éliminé par
un acide fort, avec un acide fort dans un milieu réactionnel inerte et neutralisation par une base pour obtenir
un produit répondant a la formule

N

H
V’ll iy

L

présentant une configuration (7S,9aS-Trans).

4. Un dérivé sensiblement optiquement pur de formule
8
m
k/ﬂ\c

dans laquelle le substituant B est soit cis soit trans par rapport & la liaison Cg,-C; et est choisi dans le groupe
consistant en -CH,OH, -CHO, -CH,OSO,R, -CH,CN, -CH(OH)CH,NO, et —CH=CH-NO,;
C est choisi dans le groupe consistant en H.

et un groupe protecteur de l'azote qui peut é&tre éliminé par hydrogénation ou par un traitement acide; et dans
lequel R et un alkyl en (C;-Cg), un phényle ou un alkyl phényle; X est N ou CH; Y est O ou S et Z est H ou C];
sous réserve que si B est cis par rapport & la liaison Cg,-C4, B doit étre —CHO et C doit étre un groupe différent
de —H; et leurs sels d'acide.

5. Un dérivé selon la revendication 4 dans lequel C est le 1,2-benzisoxazol-3-yle ou tert-butoxy-carbonyle.

6. Un dérivé selon la revendication 4 qui est la (7S,9aS)-Cis-7-formyl-2-(1,2-benzisoxazol-3-yl)-2,3,4,6,7,8,9,9a-oc-
tahydro-1H-pyrido[1,2-a]pyrazine.

50
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13.

14.

15.

16.

17.

EP 0 646 116 B1

Un dérivé selon la revendication 4 qui est la (7R,9aS)-Trans-7-formyl-2-(1,2-benzisoxazol-3-yl)-2,3,4,6,7,8,9,9a-
octahydro-1H-pyrido[1,2-a]pyrazine.

Un dérivé selon la revendication 4 qui est la (7R,9aS)-Trans-7-hydroxyméthyl-2-(1,2-benzisoxazol-3-yl)-
2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazine.

Un dérivé selon la revendication 4 qui est la (7R,9aS)-Trans-7-(methanesulfonyloxyméthyl)-2-(1,2-benzisoxazol-
3-y)-2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazine.

Un dérivé selon la revendication 4 qui est la (7S,9aS)-Trans-7-(cyanométhyl)-2-(1,2-benzisoxazol-3-yl)-
2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazine.

Un dérivé selon la revendication 4 qui est la (7R,9aS)-Trans-7-(1-hydroxy-2-nitroéthyl)-2-(1,2-benzisoxazol-3-yl)-
2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1,2a]pyrazine.

Un dérivé selon la revendication 4 qui est la (7S,9aS)-Trans-7-(2-nitroéthylényl)-2-(1,2-benzisoxazol-3-yl)-
2,3,4,7,8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazine.

Un dérivé selon la revendication 4 qui est la (7S,9aS)-Cis-7-formyl-2-(tert.-butoxycarbonyl)-2,3,4,6,7,8,9,9a-octa-
hydro-1H-pyrido[1,2-a]pyrazine.

Un dérivé selon la revendication 4 qui est la (7R,9aS)-Trans-7-formyl-2-(tert. butoxycarbonyl)-2,3,4,6,7,8,9,9a-oc-
tahydro-1H-pyrido[1,2-a]pyrazine.

Un dérivé selon la revendication 4 qui est la (7R,9aS)-Trans-7-(hydroxyméthyl)-2-(tert.-butoxycarbonyl)-
2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazine.

Un dérivé selon la revendication 4 qui est la (7R,9aS)-Trans-7-(1-hydroxy-2-nitroéthyl)-2-(tert. -butoxycarbonyl)-
2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazine.

Un dérivé selon la revendication 4 qui est la (7S,-9aS)-Trans-7-(2-nitroéthylényl)-2-(tert.-butoxycarbonyl)-
2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazine.
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